Induction of anthraquinone biosynthesis in Rubia cordifolia cells by heterologous expression of a calcium-dependent protein kinase gene.
Calcium-dependent protein kinases (CDPKs) play an important role in plant cell responses to stress and pathogenic attack. In this study, we investigated the effect of heterologous expression of the Arabidopsis CDPK gene, AtCPK1, on anthraquinone production in transgenic Rubia cordifolia cells. AtCPK1 variants (a constitutively active, Ca(2+) -independent form and a non-active form used as a negative control) were transferred to callus cells by agrobacterial transformation. Overexpression of the constitutively active, Ca(2+) -independent form in R. cordifolia cells caused a 10-fold increase in anthraquinone content compared with non-transformed control cells, while the non-active form of AtCPK1 had no effect on anthraquinone production. Real-time PCR measurements showed that the activation of anthraquinone biosynthesis in transgenic calli correlated with the activation of isochorismate synthase gene expression. The activator effect of AtCPK1 was stable during prolonged periods of transgenic cell cultivation (more than 3 years) and the transgenic cultures exhibited high growth. Our results provide the first evidence that a CDPK gene can be used for the engineering of secondary metabolism in plant cells.